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Following is a translation of the article- 
"0 pokaaatele istrlraniya reziny i yego 
soyazi e koeffitsientan treniya1' (English 
version above) by 5. B. Ra'tner in DciM-^Sl 
%iadeaiiiiii.K&uk 3SSR (Reports of" the Acadeirft 
of Sciences of the USSR), Vol LXXXVII, 
1952, pages 743~?46z7 

(Submitted to Academician P.A. Reminder 
on 4 October 1952) 
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1. In literature (1) concerned with the problem 
of connection between wear and friction we have failed 
to find data on the interrelationship between -the abra- 
sion index and the friction coefficient of rubber« The 
work before us lists some experimental results and phy- 
sical concepts on that question. Materials presented 
here apply to cases where lubricant is absent» 

2, The  index of abrasion of rubber' is expressed 
'by (2) the 'formulas 

CO 

It is assumed that decrease of volume AV is pro- 
portional to the work of friction W» independently of the 
factor at the expense of which the given mechanical work 
Is obtained? at the expense of the quantity /[magnitu&ej 
of the force of friction F» or the dimensions of rela- 

Liive shifting of xf  so that _J 
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In the last formula y    is the coefficient of pro- 
portionality; the same must play the role of the materi- 
al's constant,, characterizing the ability of material to 
resist abrasion.  Such a quantity can fill that role,   - 
provided it does not depend on the normal load* N.  In 
that case, it is possible to transpose the results ob- 
tained in testing of a sample onto the work of the manu- 
factured article, insofar as its various elements can 
worii under different, frequently unknown, loads. 

However, experiment /experience/ shows that the 
generally accepted index of abrasion depends on the load 
If (see Fig. la*, b, c for experimental findings for rub- 
bers (on the base of caoutchoucs SEN and SIB) being ab- 
raded 'bv friction against sandpaper or. a machine of the 
G-rasaelli type) (2)7 Such regularity is apparently con- 
nected with the factor of increase of small loads, where- 
by the particles of sandpaper are pressed deeper into 
the rubber with the result of increased abrasion,  This 
effect gradually wears off at large loads, when those 
reach the limit of durability of rubber, or even exceed 
it, When- loads become sufficiently large* their increase 
is bound to accelerate >?crk without substantial increase 
in the abrasion index, because sandpaper cannot be pressed 
into the surface layers of rubber any more strongly since 

sorption and' can be approximately described by the for- 

»f..., /M v = 

where V«*. - represents the maximal value of the abrasion 
index at /V~**co , A — is constant which has dimension- 
ality of force, 

Formula (4) stay be transformed to (4a) 

J. - J- +  4L -X £V*-> 

2 - 



where dependence of l/v on l/N is. linear and in satis- 
factory agreement with presented experimental data» 

3." It is known from our works (3) that the fric- 
tion coefficient of rest decreases as loads increases as 
per formula 

'1 

A • a* 
<£J 

where /£<* »-is coefficient of friction at A "ä>op ~ 
tangential component of the forces of molecular inter- 
action between'' the members of the working- pair. 

mm WSi 
Mis. i(H ■OSi 

£'V,-* 9 aPäÄi?IMTZ** ?>*«£*■ * "Wo* - -^: 

The effect of load S on the abrasion 
index v(a,b,w) and on the friction co- 
efficient H.   Cg,d) — rubber #1 , on 
base SKN-26, containing 10 weight parts 
of soot; ft »  rubber §2,  samo base» con- 
taining 45 weight parts of soot (stan- 
dard recipe)? b - rubber #4, aajae base, 
containing 120 weight parts of soot; 
w - rubber for rubber shoea? base SHE. 
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■»V, Analogous findings were obtained in res ear ol 
into friction of motion {'Fig. Ig, d),  Curves g and d in 
Fie, i pertain to friction of rubber against steel.  An 
analogous visualization has a place also in the friction 
of rubber against sandpaper» which is also borne out h|- 
afi*reeffi.ent between the  experiment and the formula (8-lOj* 

Inasmuch, as ,^-y 
f  =: At N 

substituting (4), (5) and (6) in (3), we obtain! 

Al/ - Vv  f/   A/ **+FJfr<*> t~r) 

In view of the fact that the -value of fraction 
is almost independent from N, and that in each experi- 
ment x -  const, then approximately % 

. Indeed, the quantity for abrasion of rubber 
must, anoarently» by proportional to the quantity of 
"rdiminpf efforts" which, in their turn, are proportion- 
al to normal load N.  According to formula (8), we must 
have: 

&G > C9> 
s COWL , 

*««-| 

since decrease In weight of samples A&  is proportional 

'Analogous data was obtained by Vogt (4) on a 
machine of his own construction- for rubber, base HK* the 
loss of volume of which goes up from 4.7 to 15.3 CJOM 
vrhen loads on the sample are increased from 6*75 to 24.4 
kilosrams.  These findings on the abrasion of rubber did 
not find rational interpretation and application for a 
period of a quarter of a century, because they 'were se- 
parated from the study of friction. 
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Tatole 1 *  Relation of Weight Diminiutlon of Rubbers 

w* 

ZO Load {^'l°*J tor  Varying Loads 

ijOad m 
trains 

iiWe',>!--Ria*»*'U? 

## of Rubbers* 

4 

,smW''^***W*MJW»*tft*«mi*"^^ 

?<, *^;sArjWk»,>OtJkiM<.« 

oB6 ? 8 10" 22 23 4? 
754 Q 9 io 17 22 55 

3S34- 8 10 11 16 35 39 
pq>!| S 8 14 13 23 32 

B4 11 12 10. 18 36 32 ^: 

? 8 
o 9 
8 10 

8 
11 12 

« 9 

8,6 + 9.3 + 
0. o »X:   S    'Al 

5954      -    9     9    1? 

Median.    8,6 + 9.3 +  10.7 + 17.1 + 28 + 6 41 + 8 
1.2   1.5 

^T^TTubbers 1,2.4,5 correspond to ## mentioned in 
caption ic FIP;. i'. ■   Rubber #3 'is the same as ##1,2,4, ■ 
but contains 70 weight parts of soot» Rubber §6  - 
op base, 8KB» applies to conveyor belts. 
> 

4,  Thus, ih© relationships Ä&A/ or a//*/ charac- 
terize the resistance of the material to abrasion, re- 

^"^'"oorablnlnS formulas (3)* (6}9 and {8} and taking 
into account that x = const, we can obtain? 

may be re-farcied as a direct result of 'both the noted 
physical concepts and the experimental data«, 

Sinee//■-i4»   where V  is the coefficient of 
sliptiase, it follows from (10) that the abrasion index 
5s in proportion to the coefficient of slippage, 

Formula (10) also shows that the characteristic 
of rubbers, independently of load» lies in the resultant 
y*« K    , which defines the properties of sample as 

5 * 



I 1 
well as those of the manufactured product with its var- 
ious elements performing under any loads»  Abrasion of 
rubber is proportionate .to quantity K, which may be called 
the abrasion Index* 

5»  On the baais of the above we may arrive at 
the following conelaBions. 

&} The generally accepted index of rubber ab- 
rasion f    is not a constant for material, owing to-its 

*~ dependence on load; "~" 
b) The  abrasion index V    increases when fric- 

tion coefficient of rubber /t decreases; 
c) The constant for rubber« independent from 

load and characterizing the abrasion-resistance of both 
sample and. manufactured article» lies in a new quantity; 
Libras ion coefficient ^'« V/i, ; 

d) These results* obtained through examination 
of rubber» .may he of interest in study of wear and fric- 
tion of other materials also. 

The author expresses his gratitude to V. V. II'in, 
», Yi Zahharenko and 15V Xh. Mustaf inova. for assistance in 
the conduct of experiments and to Ch M. Sartenevu for dis- 
cussion cf results. 

Scientific Research Institute     '     Received 
of the Rubber Industry     ' ' 8 July 1952 

ItE «;hilF?V B8 

S^SM:MäM.J^i^s2£B±MM,^l»Ji2£]£ä /collected Works/ öJVthg, 
"""""'"Cgx)iereneejsn^JPvlbtlx^TlindV'vhar of McU^hhnej^»  publ.. 

MlllS£h*'°1939 aliTTp?, "" 

""  GOSf'^W^Ol 19^77 page 45» ""   "*" 
GOST   (0<iI^§£§h}M^^ - 

6OTei^m^^,al " All"«*ünton .Standarä.) 
fiatear,   s7~B. ,  SAW," #5,  NoTJ' ^-3119521;   Ratner,   S.   B, 

Sofcol'okaya,  V.   D.*,   M,   86»   No 1,   121   (1952), 
Vosft,  W. ,   lnd«_En«.   C^iern".,   20,   No 3S   302   (1928), 

10,123 -«END 



POR REASONS OP SPEED AJJD ECONOMY 

THIS REPORT HAS BEEN REPRODUCED 

ELECTROS 10ALLY DIRECTLY PROM OUR 

CONTRACTORfS TYPESCRIPT 

THIS PUBLICATION WAS PREPARED UNDER CONTRACT TO THE 
USITED STATES JOINT PUBLICATIONS RESEARCH SERVICE 
A FEDERAL GOVERNMENT ORGANIZATION ESTABLISHED 
TO SERVICE THE TRANSLATION A!JD BB3EARÜH SEEDS 

OP THE VARIOUS GOVERNKEUT DEPARTMENTS 


